The stepwise chromatographic behaviour on DEAESepharose of rat Fe65, a neuronal protein, was tested, using as eluants KCl, CaCl 2 , and MgCl 2 . Assays by western blot showed that Fe65 was eluted by CaCl 2 , at a ionic strength 20z lower than that of MgCl 2 or KCl. Interestingly, in the case of a truncated Fe65, lacking a glutamic acid rich region at the N-terminus, the ionic strengths of the various eluants were almost identical. These results suggested a possible inhibitory role of calcium ions in the binding of the protein to DEAE and a speciˆc a‹nity of these ions for long acidic stretches.
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Key words: rat brain Fe65; deletion mutant; DEAEchromatography; ionic strength; calcium and magnesium Second messengers such as calcium have important functions in the regulation of a variety of biological phenomena such as signal trasduction, cell proliferation, diŠerentiation, and gene transcription. 1, 2) In addition, calcium binds many proteins including a recent discovered group of neuronal calcium-binding proteins (also known as neuronal calcium sensors).
3)
Rat brain Fe65 is made of 711 amino acid residues and contains three putative structural domains: a WW domain (Ser254-Ser290) and two PID W PTB domains (PID1, Asp365-Ala510 and PID2, Asp538-Ala665). The WW domain (which belongs to the WW domain Group II) is well conserved among those found in other proteins like the formin binding proteins (FBPs), 4, 5) whereas the PID W PTB are less conserved. In addition, Fe65 diŠers from all other phosphotyrosine interaction W phosphotyrosine binding proteins, such as the Shc family, since the latter display only one PID W PTB, which is also longer than those present in FE65. [6] [7] [8] PID2 interacts, through the consensus motif XNPY, with the cytodomain of APP, a membrane protein that can undergo towards diŠerent proteolytic processes one of which gives rise to the formation of the b-amyloid peptide.
7) The interaction of Fe65 with APP is implicated in the regulation of genesis of A b, the main constituent of the senile plaques of familiar Alzheimer's disease (FAD). The N-terminal region of Fe65 (residues Met1-Asp253) showed no relevant identities with any known proteins and is characterized by a high content of acidic amino acids (mainly Glu). With the aim of developing a procedure for the puriˆcation of Fe65 from rat brain, we found that intact Fe65 bound to DEAE-Sepharose in 20 mM Tris-HCl, pH 7.5, and eluted in a linear KCl gradient at about 300 mM salt. When the brain extract (S100) was prepared in 20 mM Tris-HCl, pH 7.5, containing 50 mM CaCl2, the protein was not retained on the column. To better understand thisˆnding, we tested the eŠects of diŠerent concentrations of calcium and magnesium on the chromatographic behaviour of Fe65. We also used in these experiments a truncated Fe65, (Fe65D1-190), lacking at the N-terminal thê rst 190 amino acid residues (Met1-Ser190). 9) A cell extract of a Cos7 cell line overexpressing intact Fe65 and its mutant were analysed by anion exchange chromatography. The deletion mutant was engineered to carry the HA epitope at the N-terminal region for Western blot detection by using the strategy already described. 9) To deplete the cell extracts of divalent cations (calcium and magnesium), extracts were prepared according the following procedure. About 3×10 6 cells were transfected by electroporation with the appropriate vector, containing the full length Fe65 cDNA or the truncated Fe65 under the CMV promoter 9) in a 4-mm eppendorf cuvette (22 volts, 250 mF, 6 seconds) and grown for 48 hours at 379 C. Cells were then washed with About 2 ml of cell extract (40 mg total proteins) were put on a small column containing 1.2 ml of resin equilibrated with 50 volumes of dialysis buŠer. The column then was washed with 10 volumes of the same buŠer and the sample was eluted step-wise with increasing concentrations of: A) KCl. 1, 50 mM; 2, 100 mM; 3, 200 mM; 4, 300 mM; 5, 400 mM. B) CaCl 2 . 1, 40 mM; 2, 50 mM; 3, 60 mM; 4, 70 mM; 5, 80 mM. C) MgCl 2 . 1, 50 mM; 2, 60 mM; 3, 70 mM; 4, 80 mM; 5, 90 mM. Two ml fractions were collected and analyzed by Western blotting using antibody anti-WW. L, sample put on the column; W, column wash. cold PBS, lysed in 20 mM TrisHCl, pH 8.2, 1 mM DTT, 1z NP40, 10z glycerol, a protease inhibitor cocktail (EDTA-free), 0.5 mM EGTA or 0.5 mM EDTA, and incubated at 49 C for 20 minutes. Extracts were then centrifuged at 14000 rpm for 15 minutes and the supernatants were extensively dialysed against 20 mM TrisHCl, pH 8.2, 1 mM DTT, 10z glycerol, and protease inhibitor. Samples were then put on a DEAE-Sepharose column equilibrated in the same buŠer and eluted with the same buŠer containing diŠerent salts at diŠerent concentrations. Fe65 was eluted from the column at a salt concentration of 300 mM KCl (Fig. 1A) whereas, in the case of CaCl2 or MgCl2 as eluant, the salt concentration required was 60 mM (Fig. 1B) or 70 mM (Fig. 1C) , respectively. The ionic strength of the elution conditions, calculated according to the equation m＝0.5SCi ･z i 2 (were C i is the molar concentration of the ion, and zi its charge), 10) showed that the CaCl2 elution conditions corresponded to a ionic strength 20z lower compared to that of KCl, but that of MgCl2 was only 7z lower. We also tested the chromatographic behaviour of the Fe65D1-190 deletion mutant. The results, reported in Table 1 , showed that Fe65D1-190 was eluted from DEAE-Sepharose at the same ionic strength as for KCl, CaCl2, and MgCl2, being their concentrations 60 mM, 60 mM, and 250 mM, respectively (not shown). To rule out possible eŠects due to the type of anion exchanger used, we ran the same experiments on AG 1-X8 (Bio-Rad) using linear gradients of the eluants, without observing diŠer-ences. EŠects of diŠerent elution conditions of proteins on DEAE columns have been described for diŠerential separation of proteins and isoenzymes. [11] [12] [13] Here, we found diŠerent conditions to elute Fe65 bound to DEAE-Sepharose. In fact, the protein is eluted by Ca ＋2 at a ionic strength lower than that of Mg ＋2 and K ＋ . This behaviour was not observed with the protein lacking the N-terminal domain. In addition, the chromatographic behaviours observed were not due to a diŠerent concentration of the anionic form of the two proteins. In fact, the pI values, calculated according to CHARGPRO, a PCgene software system program (Intelligenetics) were 4.70 and 4.67 for Fe65 and Fe65D1-190, respectively. The presence of a long stretch of acidic residues in this region suggested the possibility that Ca ＋2 are stably complexed with this region, thus modifying the chromatographic properties of the protein. It is interesting to note that the long stretch of Glu and Asp residues (from Asp147 to Asp 173) showed a strong similarity with a class of nuclear proteins containing a HMG-like acidic region (see Conserved Domain Database CD:COG5129.1, MAK. 16). Although HMG1 proteins are DNA binding proteins, 14) the reason why such a stretch is present in Fe65 is at the moment unclear since no evidence actually exists of a speciˆc DNA binding capability of the protein.
The observations reported in this work should be taken into account when protein under puriˆcation possesses long acidic stretches, and could indicate a speciˆc a‹nity of these regions for Ca ＋2 also in vivo.
